1. Introduction {#s0005}
===============

The Coronavirus disease 2019 (COVID-19) is highly linked with conditions that may impair sleep ([@bb0010]). This is especially true in older adults for two reasons. First, older adults may have poorer sleep. For example, a large meta-analysis showed that parameters indicative of good sleep such as sleep efficiency, slow wave sleep, and REM sleep diminish with age ([@bb0130]). Second, loneliness, which is relevant in the context of COVID-19 as described below, can impair sleep in older adults ([@bb0150]).

Social distancing/confinement globally adopted as a countermeasure to the COVID-19 pandemic may be highly advantageous in reducing the spreading of the coronavirus. However, social isolation, i.e., an objective lack of interactions with others ([@bb0100]), can contribute to negative outcomes, such as loneliness. Loneliness refers to subjective distress resulting from a discrepancy between desired and perceived social relationships (e.g., [@bb0140]). Feeling of loneliness can be typically experienced when isolation is out of one\'s control ([@bb0025]). Loneliness has been found to link and even predict numerous adverse outcomes ([@bb0145]) including reduced sleep quality ([@bb0030]; [@bb0125]; [@bb0150]).

Lonely individuals experience more sleep fragmentation than people who report more connection to others ([@bb0095]). These latter authors suggest that perceptions of a non-secure social surrounding, promotes an alert state, which hinders the possibility for a restful night\'s sleep. Recently, it was found that both objective and subjective social isolation are associated with sleep problems among older adults ([@bb0040]). Those authors concluded that older adults experience sleep problems because they feel socially isolated, not just because they are deprived of social networks.

Hitherto, we examined the loneliness -- sleep link in older adults. Two potential moderators of this association are outlined below, namely worries and resilience. The COVID-19 threat may also be accompanied by worries, such as fear of contracting the coronavirus, which may further impair sleep. Indeed, worries at bedtime are related to decreased sleep efficiency and other changes in sleep architecture ([@bb0005]). A meta-analysis of adolescents\' sleep studies ([@bb0015]) concluded that pre sleep worry is one of the factors that have a negative impact on sleep. Accordingly, sleep problems should be worse when both loneliness and COVID-19 worries are high.

In contrast to worries, resilience correlates positively with sleep quality. Among participants positive for HIV, those high on resilience had lower odds of reporting poor sleep quality or of using sleep medications during the previous month ([@bb0055]). Likewise, in healthy pregnant women resilience was related to sleep quality and mediated the relationship between pregnancy stress and sleep quality ([@bb0105]). From these two studies it emerges that even in stressful situations resilience may be an important factor for sleep quality. Thus, we postulate that loneliness would be associated with sleep problems to a lower degree when resilience is high.

Because both loneliness and sleep problems are very relevant to the older adult population, we also thought to assess if older adults worry levels or resilience levels may moderate the loneliness-sleep link. In summary, the aim of the current study was to examine how worries or resilience may moderate the link of COVID-19 imposed loneliness with sleep problems. We hypothesized that COVID-19 related loneliness would be related to more sleep problems, especially among older adults who report more COVID-19 related worries. We further hypothesized that the loneliness-sleep problems link would be mitigated among older adults high in resilience.

2. Methods {#s0010}
==========

2.1. Participants and procedure {#s0015}
-------------------------------

Using the Qualtrics web-based public platform, we collected data across Israel in the midst of the lock-down period of COVID-19 (between March 16 to April 14, 2020). On the last day of data collection, 12,361 Israelis were tested positive for the coronavirus and 123 had died. The sample included 243 people between the ages of 60 and 92 (mean age = 69.76, *SD* = 6.69). Most of them were women (*n* = 168, 69.1%), married or cohabitating (*n* = 177, 72.8%), and most had academic degree (*n* = 179, 73.7%). Of the participants 101 (41.6%) reported to have been diagnosed with chronic medical condition known to be related to increased risk of death due to COVID-19 complications. The majority rated their health (*n* = 155, 63.8%) and economic status (*n* = 156, 64.2%) as good or very good.

The online questionnaire was disseminated across multiple social media resources and contact lists provided by organizations (e.g., continuing-care retirement communities, institutions hosting educational activities for older adults). All participants provided an informed consent. Ethical approval was received from the Institutional Review Board at the third author\'s University.

2.2. Measures {#s0020}
-------------

Participants completed background characteristics, including age, gender, marital status, and education (rated from 1 = without formal education to 6 = formal tertiary education). They noted whether they have been diagnosed with chronic medical conditions known to be related to increased risk of death due to COVID-19 complications (i.e., cardiovascular disease, diabetes, chronic respiratory disease, hypertension, and cancer), and rated their health and economic status on scales ranging from 1 (*not good at all*) to 5 (*very good*). Participants further reported their level of exposure to six COVID-19 pandemic related events (i.e., being tested positive for the coronavirus, being \[or having been\] in self-isolation, knowing family members, friends, or other people who were tested positive, knowing people in self-isolation; exposure score was the sum of events). Participants further reported whether they have changed 11 behaviors due to the COVID-19 pandemic (i.e., avoid shaking hands, avoiding hugs, keeping physical distance from others, avoiding social events, going out less frequently, avoid inviting or meeting with people, using a mask or gloves, avoid going to public places, washing hands more often, buying more food and water than usual, canceling/changing significant plans; behavioral change score was the sum of behaviors changed).

Participants completed the additional below measures while being asked to relate to their feelings and symptoms during the COVID-19 pandemic and due to it.

Loneliness was assessed with the 3-item version of the UCLA Loneliness Scale ([@bb0085]). Items were rated on a 5-point scale ranging from 1 (*not at all*) to 5 (*almost always*). The loneliness score was the mean of ratings, and higher scores reflected higher loneliness. The Hebrew version of the scale was used in previous studies ([@bb0155]). Internal reliability was good (α = 0.80).

COVID-19 related worries were assessed by four items developed for the current study regarding worrying about self/close people/relatives developing COVID-19, or infecting others in case of having COVID-19. Items were rated on a 5-point scale ranging from 1 (*not at all*) to 5 (*almost always*). The worries score was the mean of ratings, and higher scores reflected increased worries. Internal reliability was good (α = 0.78).

Resilience was assessed by the 10-item Connor--Davidson Resilience Scale (CD-RISC; [@bb0035]), where items were rated on a 5-item scale ranged from 1 (*strongly disagree*) to 5 (*strongly agree*). The resilience score was the average of items, and high scores indicate higher resilience. The Hebrew version of the scale was used in previous studies ([@bb0080]). Internal reliability was good (α = 0.89).

Sleep problems were assessed with three items. Two items were adapted from the insomnia severity index ([@bb0020]): "How satisfied are you with your current sleep?" and "How much have you been suffering from difficulties in falling asleep since entering isolation/social distancing?" A third item was adapted from the PHQ-9 depression questionnaire ([@bb0090]): "To what extent did you experience, since the outbreak of the coronavirus crisis, a feeling of tiredness or low energy?" Items were rated on a 4-item scale ranged from 1 (*no sleep problems*) to 4 (*significant sleep problems*). The sleep problem score was the average of the three items, with high scores indicating more problems. The Hebrew version of the scales was used in previous studies ([@bb0060]; [@bb0115]). Internal reliability was acceptable (α = 0.75).

3. Data analysis {#s0025}
================

First, we calculated means and standard deviations, frequencies and percentages as basic descriptive statistics. Pearson and Spearman coefficients were used to describe the relationship between these variables. Second, two complementary hierarchical regressions were conducted for testing the study hypotheses. In each of the two analyses sleep problems were regressed on demographic variables (age, gender, education, marital status), subjective economic status, self-rated health status, COVID-19 related exposure, behavioral change, and medical conditions related to increased risk of death due to COVID-19 complications for Step 1. Step 2 included loneliness and worries or loneliness and resilience according to the tested hypothesis. The third step included the interaction between loneliness and worries or loneliness and resilience respectively. Interaction variables were calculated by multiplying loneliness × COVID-19 related worries and loneliness × resilience after mean centering the variables. PROCESS computation plugin ([@bb0075]) Model 1 was applied to estimate simple slope tests for significant interactions.

4. Results {#s0030}
==========

Few participants reported being tested positive for the coronavirus or being in self-isolation (*n* = 44, 18.1%), yet most knew someone who tested positive or was in self-isolation (*n* = 154, 63.4%). All respondents reported changing at least one behavior due to the pandemic (ranging from buying more food and water than usual: *n* = 81, 33.3%, to going out less frequently: *n* = 224, 92.2%).

Average scores for the study variables as well as correlations can be found in [Table 1](#t0005){ref-type="table"} . Reports of sleep problems correlated positively with loneliness and with COVID-19 related worries, and negatively with resilience.Table 1Descriptive statistics of study variables.Table 1*M* (*SD*)/*n* (%)1234567891011121Sleep problems1.64 (0.69)--2Loneliness (UCLA)2.39 (0.90)0.36[⁎⁎⁎](#tf0015){ref-type="table-fn"}--3COVID-19 related worries2.99 (0.91)0.21[⁎⁎⁎](#tf0015){ref-type="table-fn"}0.11--4Resilience (CD-RISC)3.83 (0.69)−0.20[⁎⁎⁎](#tf0015){ref-type="table-fn"}−0.17[⁎⁎](#tf0010){ref-type="table-fn"}−0.12--5Age69.76 (6.69)−0.12−0.01−0.12−0.02--6Gender[a](#tf0020){ref-type="table-fn"}168 (69.1)0.21[⁎⁎⁎](#tf0015){ref-type="table-fn"}0.05−0.05−0.13[⁎](#tf0005){ref-type="table-fn"}−0.13[⁎](#tf0005){ref-type="table-fn"}--7Marital status[b](#tf0025){ref-type="table-fn"}177 (72.8)−0.06−0.090.060.00−0.08−0.25[⁎⁎](#tf0010){ref-type="table-fn"}--8Education[c](#tf0030){ref-type="table-fn"}179 (73.7)−0.03−0.09−0.08−0.05−0.110.060.12[⁎](#tf0005){ref-type="table-fn"}--9Subjective economic status[d](#tf0035){ref-type="table-fn"}156 (64.2)−0.14[⁎](#tf0005){ref-type="table-fn"}−0.09−0.13[⁎](#tf0005){ref-type="table-fn"}0.03−0.100.050.18[⁎](#tf0005){ref-type="table-fn"}0.27[⁎⁎](#tf0010){ref-type="table-fn"}--10Self-rated health[d](#tf0035){ref-type="table-fn"}155 (63.8)−0.16[⁎](#tf0005){ref-type="table-fn"}0.01−0.20[⁎⁎](#tf0010){ref-type="table-fn"}0.08−0.19[⁎⁎](#tf0010){ref-type="table-fn"}0.22[⁎⁎⁎](#tf0015){ref-type="table-fn"}−0.000.18[⁎⁎⁎](#tf0015){ref-type="table-fn"}0.44[⁎⁎⁎](#tf0015){ref-type="table-fn"}--11Medical conditions[e](#tf0040){ref-type="table-fn"}101 (41.6)0.010.10−0.01−0.05−0.23[⁎⁎](#tf0010){ref-type="table-fn"}0.24[⁎⁎](#tf0010){ref-type="table-fn"}−0.03−0.08−0.20[⁎⁎](#tf0010){ref-type="table-fn"}−0.53[⁎⁎⁎](#tf0015){ref-type="table-fn"}--12Behaviors[f](#tf0045){ref-type="table-fn"}8.38 (2.16)0.070.110.19[⁎⁎](#tf0010){ref-type="table-fn"}0.19−0.03−0.010.040.060.03−0.090.02--13Exposure to COVID-19[g](#tf0050){ref-type="table-fn"}28 (11.6)0.010.090.000.06−0.030.030.030.060.080.12−0.040.05[^1][^2][^3][^4][^5][^6][^7][^8][^9][^10][^11]

[Table 2](#t0010){ref-type="table"} presents the results of the main regression analyses predicting sleep problems. Across regressions, being female and having lower health levels linked with higher sleep problem levels. After controlling for the effect of Step 1 variables, loneliness, but not resilience or COVID-19 related worries, was related to higher sleep problem levels. In each model, as predicted, both interactions, i.e., the Loneliness × COVID-19 related worries interaction, and the Loneliness × Resilience interaction, were significant.Table 2Regression analyses of loneliness, COVID-19 related worries/resilience on sleep problems.Table 2Loneliness × COVID-19 worriesΔR^2^BβLoneliness × ResilienceΔR^2^BβStep 10.09[⁎⁎](#tf0060){ref-type="table-fn"}Step 10.09[⁎⁎](#tf0060){ref-type="table-fn"}Age−0.01−0.12Age−0.01−0.12Gender (woman)0.230.16[⁎](#tf0055){ref-type="table-fn"}Gender0.230.15[⁎](#tf0055){ref-type="table-fn"}Marital status (with partner)0.000.00Marital status (with partner)0.000.00Education−0.02−0.01Education−0.22−0.01Subjective economic status−0.09−0.12Subjective economic status−0.09−0.12Self-rated health−0.15−0.20[⁎](#tf0055){ref-type="table-fn"}Self-rated health−0.15−0.20[⁎](#tf0055){ref-type="table-fn"}Medical conditions−0.04−0.03Medical conditions−0.04−0.03Behaviors0.020.05Behaviors0.020.05Exposure to COVID-19 events−0.00−0.00Exposure to COVID-19 events−0.00−0.00Step 20.13[⁎⁎⁎](#tf0065){ref-type="table-fn"}Step 20.13[⁎⁎⁎](#tf0065){ref-type="table-fn"}Loneliness0.260.35[⁎⁎⁎](#tf0065){ref-type="table-fn"}Loneliness0.250.33[⁎⁎⁎](#tf0065){ref-type="table-fn"}COVID-19 related worries0.080.11Resilience−0.11−0.10Step 30.02[⁎](#tf0055){ref-type="table-fn"}Step 30.02[⁎](#tf0055){ref-type="table-fn"}Loneliness × Worries0.110.15[⁎](#tf0055){ref-type="table-fn"}Loneliness × Resilience−0.14−0.13[⁎](#tf0055){ref-type="table-fn"}[^12][^13][^14]

The interactions were probed using the PROCESS plugin (Model 1, [@bb0075]) to estimate the effect of loneliness on sleep at different levels (±1SD from the mean) of worries (Analysis 1) and different levels (±1SD from the mean) of resilience (Analysis 2). When levels of COVID-19 worries were at +1 SD above the mean (i.e., high worries level), the relationship between loneliness and sleep problems was strong (B = 0.35, *t* ~(219)~ = 6.00, *p* \< .001). However, for those with low levels of COVID-19 worries (−1 SD below the average) the loneliness-sleep problems association was weaker (B = 0.15, *t* ~(219)~ = 2.39, *p* = .018). In essence the slope depicting the loneliness-sleep association was significantly steeper when worries were higher. When looking at the moderating effect of resilience, at resilience levels of −1 SD below the mean, loneliness and sleep problems were strongly associated (B = 0.34, *t* ~(218)~ = 5.34, *p* \< .001). However, for those with high levels of resilience (+1 SD), the association between loneliness and sleep problems was weaker (B = 0.15, *t* ~(218)~ = 2.31, *p* \< .02). The slope reflecting the loneliness-sleep link was steeper when resilience was low.

[Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"} present the two-way interaction effects. As can be seen in [Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, loneliness was related to higher sleep problem levels. However, the loneliness-sleep problems association appears to be strongest among older people with more COVID-19 related worries and among older people with low resilience.Fig. 1The interaction between COVID-19 related loneliness and COVID-19 related worries on sleep problems.Fig. 1Fig. 2The interaction between COVID-19 related loneliness and resilience on sleep problems.Fig. 2

5. Discussion {#s0035}
=============

This study found that higher level of COVID-19 related loneliness is associate with higher levels of sleep problems among older adults. Previous studies found similar results of relationship between social isolation and dissatisfaction with sleep both in general population surveys ([@bb0135]) and in response to isolation following a large-scale disaster ([@bb0120]). The association between loneliness and sleep problems was also found among older adults ([@bb0150]).

Interactions further corroborated our hypotheses, indicating that among older adults, the rate of sleep problems associated with loneliness depended on COVID-19 related worries, and inversely on resilience. The loneliness-sleep problems association was much stronger for those with more COVID-19 related worries compared to those with less worries. Similarly, the loneliness-sleep problems association was much stronger for those with low resilience compared to those with high levels of resilience. Thus, both interactions indicate that the sensitivity of older people to the effects of loneliness on sleep depends on these psychological factors of worries and resilience.

When older adults feel worried, particularly about COVID-19, the effects of loneliness on their sleep can be detrimental. Inversely, a sense of being able to successfully adapt to challenging experiences (resilience), emerges as a potential buffering factor against encountering sleep problems ([@bb0055]). This finding is in line with a previous study ([@bb0110]), which found in a survey of community-dwelling adults, that both perceived stress and resilience predict sleep disturbance in an interactive manner. Thus, although our study related to loneliness while [@bb0110] measured perceived stress, the current interaction resembles their results, whereby, sleep disturbances are more frequent when high perceived stress is coupled with low resilience in comparison to high resilience.

Our findings should be assessed in light of the study\'s limitations. First, the online sampling may have biased the sample towards populations with an access to or literacy in digital resources, and those who may be more socially connected, at least virtually, and thus may experience less loneliness and sleep problems. Second, the cross-sectional design does not allow to infer directionality. This issue of directionality may be particularly important when examining sleep problems in the context of resilience, because earlier studies suggested that the quality of REM sleep contributes to a resilient reaction in the face of traumatic exposure ([@bb0050]). Future studies may be able to clarify this issue. Third, sleep problems were assessed by self-report and with three items. As we needed to obtain high response rates in a very narrow time window of full social closure, we opted for a very short sleep measure (3 items). In the future, it may be possible to collect more detailed measures in order to receive more accurate data. Additionally, the absence of reports of sleep problems from the period before the outbreak of the COVID-19 crisis precludes a comparison of the obtained data with pre-pandemic measures. Based on the current results and in line with earlier studies, sleep problems due to the COVID-19 crisis may further impair health ([@bb0045]), especially when they become chronic ([@bb0065]). Finally, by using a general measure of worries we could have a view of the impact of worries on the loneliness and sleep relation. However, as the COVID-19 pandemic is a unique experience we assessed worries by items highly relevant to this situation.

Bearing the study limitations in mind, the current results of escalating vulnerability to sleep problems when feeling loneliness in conjunction with high level of worries/low level of resilience, suggest it wise to track and monitor the vulnerability of older adults to this aversive context of COVID-19. Our findings allude to the possibility that improvement in sleep quality may be obtained by promoting mental healthcare in order to enhance resilience, to counter COVID-19 related worries, or by engaging in programs to decrease loneliness. In addition, as the current COVID-19 crisis can be seen as an example of a lasting stressful situation, these results may attest to the importance of psychological responses or coping strategies in the face of stress. This is especially true as our results were obtained from high functioning individuals.
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[^1]: *N* = 243. Correlation values for variables 1--5 & 12--13 are Pearson coefficients; values involving items 6--11 are Spearman coefficients.

[^2]: *p* \< .05.

[^3]: *p* \< .01.

[^4]: *p* \< .001.

[^5]: Women.

[^6]: Married or cohabitating.

[^7]: Tertiary education.

[^8]: Good or very good.

[^9]: Diagnosed with chronic medical condition known to be related to increased risk of death due to COVID-19 complications.

[^10]: No. of self-behaviors changed since outbreak of COVID-19.

[^11]: Exposed to at least three items on the exposure scale.

[^12]: *p* \< .05.

[^13]: *p* \< .01.

[^14]: *p* \< .001.
